Introduction
Dental caries and periodontal diseases are caused by bacterial accumulations, called dental plaque, which develop on the teeth. For plaque bacteria, attachment to a tooth surface is the initial event in dental plaque formation [1] . The mechanisms which mediate bacterial attachment are thought to include both specific and non-specific forces. Specific binding results from stereochemical interactions involving proteinaceous ligands, called "adhesins"on the bacterial surfaces and complementary molecules, called "receptors" on the host tissue [2] [3] [4] . Many adhesins are associated with fimbriae or pilli, which bind to saccharide receptors [2, [5] [6] [7] . However, adhesins which bind to non-glycosylated proteins, such as the acidic salivary prolinerich proteins (PRPs) and statherin, have also been described recently [8, 9] .
Actinomyces viscosus is a prominent plaque microoganism which preferentially colonizes the teeth and may require teeth for oral colonization, since it is not usually detected in the oral cavities of predentate infants [10] . In adults, high proportions of this organism have been associated with gingivitis [11, 12] and root surface caries [13, 14] . Typical strains of A. viscosus possess two antigenically and functionally distinct types of fimbriae. A. viscosus is thought to attach to salivary pellicles on teeth via type 1 fimbriae [15, 16] . Type 2 fimbriae bind to galactosyl-containing receptors on mammalian cells or the surfaces of certain bacteria [17, 18] . Reactions involving type 2 fimbriae are inhibited by galactosides such as lactose, whereas type 1 fimbriae which mediate attachment to saliva-treated hydroxyapatite are not affected by such saccharides [19, 20] .
Salivary acidic PRP and statherin adsorbed onto apatitic surfaces have recently been found to promote attachment of A. viscosus [9] . The PRPs possess some segments which exhibit structural similarities to collagens [9, 21] . This structural relationship is of interest because collagen is a major component of the matrices Department of Bacteriology, Nihon University School of Dentistry To whom all correspondence should be addressed: Dr. Yasuyuki Hirano, Department of Bacteriology, Nihon University School of Dentistry, 1-8-13 Kanda-Surugadai, Chiyoda-ku, Tokyo 101, JAPAN. of cementum and dentin, and collagen fibers become exposed when these tissues are subjected to acids produced by oral bacteria [22, 23] . The purpose of the present investigation was to devise a new bacterial adhesion assay system for use in elucidating bacterial adhesion mechanisms. 
Protein measurement
The protein content for each type of glycoprotein (fetuin and mucin) was estimated by the method of Lowry et al [26] . Bovine serum albumin (Sigma) was used as a standard.
All assays were performed in duplicate, and most experiments were performed at least twice.
Results
Quantity of glycoproteins (fetuin and mucin) adsorbed to the HA beads The quantities of glycoproteins which adsorbed to the HA beads were determined using (Figs. 1,2) . Attachment of A. viscosus cells to fetuin-treated HA beads Treating HA beads with fetuin slightly promoted the attachment of A. viscosus WVU 627 and B 236 cells, but did not promote the attachment of strain B 25 cells. The attachment was dose-dependent. The cell count was higher for bacteria which bound to HA beads treated with saliva than for those treated with fetuin (Fig. 3) .
Attachment of A. viscosus cells to mucin-treated HA beads
Treatment of HA beads with mucin also slightly promoted the attachment of cells of these three strains. The number of cells of these strains which bound to the experimental pellicle treated with mucin was almost the same as in the collagen-treated controls (Fig. 4) .
Comparison of adsorption of A. viscosus and A. naeslundii cells to pellicles prepared from fetuin or mucin
The treatment of HA beads with either fetuin or mucin promoted the attachment of A. naeslundii ATCC 12104 cells rather more than that of A. viscosus WVU 627 cells (Figs. 5,6 ).
Discussion
Researchers studying the etiology of dental caries and periodontal diseases have recognized that these diseases are infections caused by bacterial plaque accumulations on the teeth. Efforts to identify the mechanisms involved in the formation of such dental plaques have revealed that bacterial attachment to tooth surfaces is a remarkably specific process, and that attachment is often the first step required for the colonization of teeth. The majority of oral bacteria display marked tissue tropisms. Thus, organisms such as Streptococcus mutans, Streptococcus sanguis, A. viscosus, and Porphyromonas gingivalis mainly colonize the teeth, whereas Streptococcus salivarius preferentially colonizes the tongue dorsum. Streptococcus mitis is found in high proportions on both buccal and tooth surfaces. It has become clear that bacteria possess a highly developed recognition system which can identfy and interact with specific macromolecules present on tooth surfaces [27] .
A. viscosus is a major member of the microorganisms of human supra-and subgingival dental plaque. The organism preferentially colonizes the teeth, and it is thought that teeth are indispensable for oral colonization by the organism because it is not usually detected in the mouths of predentate infants [10, 28] . Typical strains of A. viscosus possess two distinct types of fimbriae (type 1 and type 2 fimbriae) which are thought to mediate its attachment to teeth"71. Type 2 fimbriae bind to galactosyl-containing receptors. Reactions involving type 2 fimbriae are inhibited by galactosides such as lactose. On the other hand, interactions involving typel fimbriae are not inhibited by the galactoside. A. naeslundii ATCC 12104 possesses only type 2 fimbriae [15, 29, 30] .
One of the most remarkable findings in the present study was that commercially purchased glycoproteins-bovine fetuin and bovine mucin-adsorbed to HA bead surfaces interacted with A. viscosus and A. naeslundii cells. These organisms either possess type 2 fimbriae, and were able to bind effectively to these glycoprotein pellicles. These pure glycoproteins have saccharide chains. Experimental pellicles which have these glycoproteins will next be used after degrading the saccharide chains with a degradable enzyme such as sialidase. This may reveal the lectin-like interactions existing between the bacteria and sugars.
These newly developed bacterial adhesion assay systems can be used widely as oral surface models for clarifying the specific mechanisms of bacterial attachment.
Conclusion
Several mechanisms are involved in the adsorption of oral bacteria to the surfaces of oral tissues. In this study, experimental pellicles treated with commercially purchased glycoproteins (fetuin and mucin) were developed for use as an oral bacterial adhesion assay system. Such systems can be widely utilized to identify the specific receptors responsible for bacterial adhesion. 
